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A femoral hernia consists of a protrusion of a peritoneal sac through the femoral ring, which is bounded laterally by the femoral vein, medially by the lacunar ligament (Gimbernat's ligament), anteriorly by the inguinal ligament, and posteriorly by the pectineal ligament (Cooper's ligament) (1) . Misdiagnosis in children, in whom this surgical entity is uncommon, has been well documented. The main reasons for misdiagnosis are incorrect physical examination, inexperience of surgeons with this rare type of groin hernia, and failure to recognize this condition at surgery (2) .
Because of its well-known benefits over open surgery, the laparoscopic approach is considered the gold standard in the diagnosis and treatment of many pediatric problems. Minimally invasive surgery has been shown to be a safe and effective tool for femoral hernia repair because it enables an accurate diagnosis of groin hernias as well as the simultaneous repair of multiple defects (3) . Despite the benefits of the laparoscopic approach, there is still no ideal diagnostic method or gold standard technique for femoral hernia. The aim of our study was to demonstrate that the laparoscopic approach improves the diagnosis and treatment of this type of groin hernia and to investigate how the rate of misdiagnosis can be reduced.
Material and Methods
From January 2000 to December 2015, 687 pediatric patients underwent laparoscopic inguinal hernia repair in our tertiary center. We retrospectively analyzed patient demographics, preoperative diagnosis, intraoperative findings, surgical techniques, operative times, complications, and follow-up details. The indications for laparoscopic groin hernia repair were bilateral inguinal hernia, inguinal hernia associated with umbilical hernia, recurrent inguinal hernia, and femoral or direct inguinal hernia.
After a satisfactory induction of general anesthesia, the patient was placed in a supine position. Trocar placement was the same for inguinal and femoral hernia repair. A 5-mm trocar for a 30 scope was placed using the open technique through an infraumbilical incision. Two 3.5-mm trocars were inserted laterally to the rectus muscle for instrumentation. A diagnosis of femoral hernia was established by direct visualization at the time of surgery. The surgical technique was decided based on the patient's age, surgeon's preference, and the characteristics of the hernia such as its size. The preferred technique for femoral hernias was modified laparoscopic McVay repair (Figure 1 ), in which the conjoint tendon and Cooper's ligament were used to close the femoral canal, and then peritoneum reconstruction. We employed a polypropylene mesh to repair the femoral hernia if there was tissue weakness or tension on the surgical site. The suture materials were nonabsorbable and intracorporeally knotted.
Results
A total of 687 pediatric patients were laparoscopically treated for groin hernias. Femoral hernias were identified in 16 patients (2.3%), all of whom were included in this study. There was a male predominance, with 10 male patients and 6 female patients. The mean age of patients was 8.00 AE 3.81 years. The right side was affected in 10 cases (62.5%), the left side in 5 (31.2%), and 1 case was bilateral (6.2%). All children were referred by their pediatricians for an intermittent groin lump except in one case, in which the patient was brought to the emergency department for an irreducible groin hernia. The diagnosis of femoral hernia was correctly performed preoperatively in 50% of the cases (eight patients). In the other eight patients, the initial diagnosis was indirect inguinal hernia ( Figure 2 ). In one case, because of a diagnosis of bilateral inguinal hernia, the laparoscopic approach was initially performed, but the correct diagnosis was made during the procedure. In the remaining seven patients, open surgery was performed for the diagnosis of inguinal hernia. These seven patients presented with a persistent inguinal bulge after the initial surgery. In four cases, the diagnosis was changed to femoral hernia in the second physical examination. In the remaining three, a diagnosis of recurrent inguinal hernia was maintained, and laparoscopy was performed to facilitate the correct diagnosis.
Several surgical techniques were used (Table 1) . A modified laparoscopic McVay technique was performed in Mc Vay technique was performed in 11 patients (12 cases, one bilateral) a purse-string suture repair was done in 3 patients (17.6%), a purse-string suture repair with a reinforcing polypropylene mesh was employed in 1 boy (5.9%), and a polypropylene mesh was placed in 1 girl (5.9%). One patient presented with an incarcerated femoral hernia. During laparoscopic exploration, it was noted that part of the omentum was necrosed and herniated through the femoral ring; the omentum was carefully resected, and the edges of the defect were approximated by the McVay technique.
The comparison between preoperative and intraoperative findings is shown in Table 1 . An epigastric artery injury by trocar occurred in one patient. All operations were completed laparoscopically. The mean surgical time was 45.6 AE 22.9 min for unilateral cases and 110 AE 10 min for bilateral cases. No immediate postoperative complications were noted. The mean postoperative hospital stay was 0.6 AE 0.4 days. One girl presented with an umbilical fascial dehiscence after 28 months of followup; she underwent umbilical hernia repair without complications. No recurrence was observed after a median follow-up period of 11 years (range, 4-16 years).
Discussion
Femoral hernia is uncommon in childhood (1-3). It is defined as a protrusion of the abdominal contents through the femoral ring, and it can be associated with an inguinal lipoma in up to 78% of cases (1, 4) . The etiology of this type of groin hernia remains unknown, although several congenital and acquired factors have been identified as causes of femoral hernias. The most popular hypothesis was described by McVay and Savage in Reference 2. They suggested that a congenital narrow insertion of the posterior inguinal wall onto Cooper's ligament results in an enlargement of the femoral ring. In contrast, several authors postulated that femoral hernias could relate to increased intra-abdominal pressure or previous inguinal hernia repair (2, 5, 6) .
Before the laparoscopic era, the incidence of femoral hernia in children reported in the literature was 1% (3, 6) . In our study, we found an incidence of 2.3%. This observation is in accordance with the results from other series of laparoscopic femoral hernia repair. However, it remains unclear whether this finding reflects an actual increased incidence of this pathology or better diagnostic accuracy of groin hernias during laparoscopic explorations (6,7). The occlusion of the right vaginal process occurs later than the left, and therefore, there is a predominance of right-sided indirect inguinal hernias in pediatric patients (8) . A preponderance of the right side over the left has also been observed in femoral hernias, although the cause is not completely understood (1,3,6 ). Evidence supports the tamponing effect of the sigmoid colon on the left femoral canal as the main hypothesis for this preponderance (9) . In our series, right-sided femoral hernias constituted 62.5% of cases.
Femoral hernia usually appears in children younger than 10 years of age as observed in our pediatric population. Our patients ranged in age between 1 and 16 years, with a mean of 8 years. This is comparable with other studies (3, 6, 10, 11) . There is no consensus on the sex predominance among the children with femoral hernia. We agree with some authors that this condition is found more frequently in boys than in girls (1, (11) (12) (13) . In our series, there was a male predominance, with 10 male patients and 6 female patients. However, several authors indicated that the prevalence of femoral hernia is equal in boys and girls or even that there is a female predominance (3, 4, 6) .
Diagnosing femoral hernia in pediatric patients has generally been considered challenging because of the rarity of this condition in children (1, 8, 11, 14) . Some pediatric surgeons have never seen a femoral hernia, despite performing inguinal hernia repair quite often (14) . The diagnosis of groin hernias is clinical, based on history and examination (14, 15) . A bulge in the upper thigh just below the groin is considered to be the most important component of the history. In cases that present with a suggestive history but doubtful physical examination, a groin ultrasound may be helpful. However, the use of CT or MRI in children with femoral hernia is not recommended because of the risks associated with anesthesia (3, 8) . Incarceration has been observed far more frequently with femoral hernias than with other groin hernias, and early surgical repair is recommended (1, 8) . Although the omentum is seen in the hernial sac in most patients with incarcerated hernia, bowel or ovarian incarceration may also occur (1) . In the present study, we reported one case of incarcerated femoral hernia that required partial omentum resection. A similar finding was mentioned in previous studies. (3, 6) . Delayed diagnosis or misdiagnosis occurs in 35-75% of patients and contributes to increased morbidity (1-3). Some femoral hernias are diagnosed in the preoperative period as "groin hernia recurrence." Controversy exists regarding if these cases are misdiagnosed or if a previous inguinal hernia repair has led to the appearance of a subsequent hernia (6, 14) . Although it is currently impossible to know for sure, we think that these cases are incorrectly diagnosed at initial presentation, as happened in seven of our cases. The laparoscopic approach offers better visualization of the abdominal wall anatomy and provides certainty about the diagnosis. In addition, it enables surgeons to visualize and simultaneously repair undiagnosed hernias, which may eliminate the need for a second surgery with anesthesia (6, 7, 15) . One of our patients had an asymptomatic contralateral femoral hernia that was discovered and successfully repaired during laparoscopy.
Minimally invasive surgery has been proposed as a safe and effective technique for femoral hernia repair in pediatric and adult patients (10, 11, 14, 16) . The advantages of the laparoscopic technique over the open technique include minimal postoperative pain, improved cosmesis, reduced complications and an accurate diagnosis. A lower rate of wound infections after laparoscopy has been observed, particularly in infants in whom incisions are outside the diaper area (7, 15) . Although laparoscopic transabdominal preperitoneal femoral hernia repair is well established in adults, most pediatric surgeons use the transperitoneal approach (16) . Several minimally invasive techniques have been developed for the treatment of femoral hernias in children in recent years, including the modified McVay technique (2), percutaneous extraperitoneal closure (17, 18) , prosthetic mesh plug repair (12, 19, 20) , and laparoscopy-assisted repair with a small groin incision (21) . At present, there is no consensus on which technique is the gold standard.
The key to success in femoral hernia repair is not only the ligation of the hernial sac, but also the repair of the abdominal defect without tension (3, 14, 21) . The use of absorbable sutures seems to have a negative effect on the recurrence rate (7), although some authors have suggested that these sutures can safely be used (21) . Additionally, the use of prosthetic mesh materials in children is still under debate because of the risk of unknown foreign body consequences and growthrelated complications (17) . We feel that the use of polypropylene mesh can help reduce tension at the suture site in certain cases. However, we agree with other authors that "no surgeon has enough experience to prefer one particular technique above another" (8, 18) . The rate of recurrence after laparoscopic treatment has been reported to be less than 13% (7, 19) . In contrast to other authors, we observed no hernial recurrence after a median follow-up period of 11 years (3).
Femoral hernia should be suspected in patients who are preoperatively diagnosed as having indirect inguinal hernia if no hernial sac is identified at the time of the operation, as well as in patients with groin recurrence after indirect inguinal repair (2, 14) . We highlight the importance of a meticulous physical examination of the groin area to distinguish femoral from indirect inguinal hernia. However, we are aware that the identification of this type of hernia may be quite complicated. Ultrasound is useful in detecting inguinal hernias, and it is a quick, widely available, inexpensive, and non-invasive diagnostic method (22) (23) (24) . In recent years, surgeon-performed ultrasound (SPUS) has become relevant and been promoted by the American College of Surgeons. SPUS for the diagnosis of hernias has demonstrated high accuracy and may be helpful in decreasing the time to diagnosis (25, 26) . We believe that the combination of careful palpation of the groin area and SPUS could be the key to avoiding misdiagnosis of femoral hernias in patients with an equivocal examination. However, in patients in whom no hernial sac is found at time of surgery, an intraoperative ultrasound could be useful because of its high diagnostic accuracy in detecting impalpable femoral hernias and its non-invasive nature (27) . If doubts remain, laparoscopic exploration of the inguinal area may be indicated.
In conclusion, femoral hernia is a rare pathology in pediatric patients that is often difficult to diagnose. Minimally invasive surgery offers a superior view of the Asian J Endosc Surg 11 (2018) 233-237abdominal anatomy and improves diagnostic accuracy. Additionally, the laparoscopic approach is effective in correcting these hernias and allows for the simultaneous repair of multiple groin defects. To avoid misdiagnosis, surgeons should be aware that femoral hernia is one of the differential diagnoses in children with symptoms of inguinal hernia. A preoperative SPUS could be useful in improving and reducing the time to diagnosis.
